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ȺɇɇɈɌȺɐɂə ȼ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧ ɢ ɨɩɢɫɚɧ ɪɹɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ
ɞɚɜɥɟɧɢɸɩɥɟɧɨɤ ɞɥɹ ɨɛɨɫɧɨɜɚɧɢɹ ɩɪɢɦɟɧɢɦɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚɦɟɬɨɞɚ ɝɪɚɧɢɱɧɵɯ ɢɧɬɟɝɪɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɋɪɚɜɧɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɤɨɧɬɚɤɬɧɵɯ ɞɚɜɥɟɧɢɣ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢ ɩɪɢ ɱɢɫɥɟɧɧɨɦ ɪɟɲɟɧɢɢ ɦɟɬɨɞɨɦ
ɝɪɚɧɢɱɧɵɯɷɥɟɦɟɧɬɨɜɩɨɞɬɜɟɪɞɢɥɨɩɨɥɧɨɟɤɚɱɟɫɬɜɟɧɧɨɟɢɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟɤɨɥɢɱɟɫɬɜɟɧɧɨɟɫɨɨɬɜɟɬɫɬɜɢɟɪɚɫɱɟɬɧɵɯ
ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɉɨɝɪɟɲɧɨɫɬɶ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɩɥɨɳɚɞɨɤ ɤɨɧɬɚɤɬɚ ɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɤɨɧɬɚɤɬɧɵɯ
ɞɚɜɥɟɧɢɣɧɟɩɪɟɜɵɫɢɥɚ 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ ɤɨɧɬɚɤɬɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɨɞ ɝɪɚɧɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ
ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɝɢɞɪɨɨɛɴɟɦɧɚɹɩɟɪɟɞɚɱɚɱɭɜɫɬɜɢɬɟɥɶɧɵɟɤɞɚɜɥɟɧɢɸɩɥɟɧɤɢ.  
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ABSTRACT This work delivers results of experimental studies performed in order to justify the validity of the developed version of 
the boundary element method that accounts for the compliance of the intermediate layer. Experimental investigation of contact 
interaction of complex shaped bodies in the presence of local compliance of conjugate surfaces has been conducted on a prototype of 
a hydrovolumetric drive, for which the contact area and the magnitude of the contact pressure were determined by means of pressure 
sensitive films. In order to capture the entire domain where contact pressure is applied and their maximal values and therefor for the 
sake of measurement error reduction each test is made using two types of contact films: MS and HS. It was demonstrated that the 
increased compliance of the intermediate layer results in contact over a larger area and leveling of the maximal contact pressure 
pike. With the increase of pressing force both the size of the contact zone and the values of contact pressure grow. Comparison of 
contact pressure distributions obtained experimentally and from numerical boundary element method solution confirmed full 
qualitative and quantitative correspondence of the experimental and numerical results. The discrepancy in contact area and maximal 
contact pressure was less then 10%. The results are summarised in a curve chart that contains correlation between the size of the 
contact area and the value of the maximal contact pressure for different local compliances of the contact layer. 





ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɤɨɧɬɚɤɬɧɨɟ
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ± ɨɞɢɧ ɢɡ ɨɫɧɨɜɧɵɯ ɫɩɨɫɨɛɨɜ
ɩɟɪɟɞɚɱɢɦɟɯɚɧɢɱɟɫɤɨɝɨɜɨɡɞɟɣɫɬɜɢɹɦɟɠɞɭɞɟɬɚɥɹɦɢ
ɦɚɲɢɧ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɉɪɢ ɷɬɨɦ ɞɥɹ
ɩɟɪɟɞɚɱɢ ɫɥɨɠɧɵɯ ɜɢɞɨɜ ɞɜɢɠɟɧɢɹ ɭɜɟɥɢɱɟɧɢɹ
ɧɚɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɚ ɬɚɤɠɟ ɭɦɟɧɶɲɟɧɢɹ
ɦɚɤɫɢɦɚɥɶɧɵɯ ɤɨɧɬɚɤɬɧɵɯ ɞɚɜɥɟɧɢɣ ɩɪɢ
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɧɨɜɵɯ ɢɡɞɟɥɢɣ ɢɯ ɮɨɪɦɚ
ɭɫɥɨɠɧɹɟɬɫɹ. ɗɬɨ ɩɨɪɨɠɞɚɟɬ ɩɪɨɛɥɟɦɭ ɜɵɛɨɪɚ
ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɫɩɨɫɨɛɚ ɚɧɚɥɢɡɚ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨɫɨɫɬɨɹɧɢɹ ɇȾɋ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ
ɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ ɬɟɥ ɩɨɫɤɨɥɶɤɭ ɞɥɹ ɬɚɤɢɯ ɬɟɥ 
ɧɟɥɶɡɹɧɚɩɪɹɦɭɸɩɪɢɦɟɧɢɬɶɬɪɚɞɢɰɢɨɧɧɵɟɦɟɬɨɞɢɤɢ
ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɬɟɨɪɢɢ Ƚɟɪɰɚ [1, 2]. Ɍɚɤɠɟ ɯɚɪɚɤɬɟɪ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɬɚɤɬɧɵɯ ɞɚɜɥɟɧɢɣ ɢ ɜɟɥɢɱɢɧɚ ɢɯ
ɩɥɨɳɚɞɨɤ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɭɱɟɬɭ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ
ɮɚɤɬɨɪɨɜ ɬɚɤɢɯ ɤɚɤ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɧɚɥɢɱɢɟ
ɩɪɨɤɥɚɞɨɤɧɚɩɵɥɟɧɢɣ ɢɬɞ 
Ⱦɥɹ ɚɧɚɥɢɡɚ ɇȾɋ ɩɪɢ ɤɨɧɬɚɤɬɧɨɦ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɭɱɟɬɨɦ ɷɬɢɯ ɮɚɤɬɨɪɨɜ




ȼ ɪɚɛɨɬɟ [9] ɩɪɟɞɥɨɠɟɧ ɜɚɪɢɚɧɬ ɦɟɬɨɞɚ
ɝɪɚɧɢɱɧɵɯɷɥɟɦɟɧɬɨɜɞɥɹɪɟɲɟɧɢɹɤɨɧɬɚɤɬɧɵɯɡɚɞɚɱ




ɦɨɞɟɥɶ ɭɱɟɬɚ ɥɨɤɚɥɶɧɨɣ ɩɨɞɚɬɥɢɜɨɫɬɢ 
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɥɨɹ ɦɟɠɞɭ ɤɨɧɬɚɤɬɢɪɭɸɳɢɦɢ












© . . 	, . . , . . 		, 2016
ɦɨɞɟɥɶɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɢ
ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ
ɪɟɲɟɧɪɹɞɩɪɢɤɥɚɞɧɵɯɡɚɞɚɱ 
ɉɨɥɭɱɟɧɧɵɟɱɢɫɥɟɧɧɵɟɪɟɡɭɥɶɬɚɬɵɧɭɠɞɚɸɬɫɹ
ɜ ɩɨɞɬɜɟɪɠɞɟɧɢɢ ɞɚɧɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ
ɢɫɫɥɟɞɨɜɚɧɢɣ 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧ ɢ ɨɩɢɫɚɧ ɪɹɞ
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɥɹ ɨɛɨɫɧɨɜɚɧɢɹ
ɩɪɢɦɟɧɢɦɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɆȽɗ ɫ





ɐɟɥɶ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɪɚɫɱɟɬɧɨ-
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɤɨɧɬɚɤɬɧɨɝɨ
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ ɬɟɥ ɩɪɢɧɚɥɢɱɢɢ
ɦɟɠɞɭ ɧɢɦɢ ɭɩɪɭɝɨɝɨ ɫɥɨɹ ɢ ɜ ɨɛɨɫɧɨɜɚɧɢɢ ɧɚ ɷɬɨɣ
ɨɫɧɨɜɟ ɬɨɱɧɨɫɬɢ ɩɪɨɜɟɞɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɱɢɫɥɟɧɧɵɯ





ȼ ɪɚɛɨɬɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ
ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ ɬɟɥ
ɫ ɭɱɟɬɨɦ ɥɨɤɚɥɶɧɨɣ ɩɨɞɚɬɥɢɜɨɫɬɢ ɫɨɩɪɹɝɚɟɦɵɯ
ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɛɭɫɥɨɜɥɟɧɚ ɧɚɥɢɱɢɟɦ ɥɢɛɨ
ɲɟɪɨɯɨɜɚɬɨɫɬɢɥɢɛɨɩɪɨɤɥɚɞɨɤɧɚɩɵɥɟɧɢɣɩɥɟɧɨɤɢ
ɬɞ ɩɪɨɜɟɞɟɧɨ ɧɚ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɚɯ ɷɥɟɦɟɧɬɨɜ
ɝɢɞɪɨɨɛɴɟɦɧɨɣ ɩɟɪɟɞɚɱɢ ȼ ɩɪɨɰɟɫɫɟ
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɩɪɟɞɟɥɹɥɢɫɶ 
ɜɟɥɢɱɢɧɵ ɤɨɧɬɚɤɬɧɵɯ ɩɥɨɳɚɞɨɤ ɢ ɤɨɧɬɚɤɬɧɵɯ
ɞɚɜɥɟɧɢɣ ɦɟɬɨɞɨɦ ɤɨɧɬɚɤɬɧɵɯ ɨɬɩɟɱɚɬɤɨɜ ɫ
ɩɪɢɦɟɧɟɧɢɟɦ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ ɞɚɜɥɟɧɢɸ ɩɥɟɧɨɤ 
ɗɬɢ ɩɥɟɧɤɢ ɪɚɡɪɚɛɨɬɚɧɵ ɤɨɦɩɚɧɢɟɣ )XML
[www.fujifilm.com] ɢ ɩɨɡɜɨɥɹɸɬ ɢɡɦɟɪɹɬɶ ɞɚɜɥɟɧɢɹ
ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɢɥɢ ɢɯ ɦɚɤɫɢɦɚɥɶɧɵɟ
ɡɧɚɱɟɧɢɹ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɉɪɢɧɰɢɩ ɢɯ ɪɚɛɨɬɵ
ɫɨɫɬɨɢɬ ɜ ɬɨɦ ɱɬɨ ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ ɤɨɧɬɚɤɬɧɨɝɨ
ɭɫɢɥɢɹ ɦɢɤɪɨɤɚɩɫɭɥɵ ɜ ɰɜɟɬɨɨɛɪɚɡɭɸɳɟɦ ɫɥɨɟ
ɪɚɡɪɭɲɚɸɬɫɹ ɢ ɢɯ ɜɟɳɟɫɬɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ
ɜɟɳɟɫɬɜɨɦ ɰɜɟɬɨɩɪɨɹɜɥɹɸɳɟɝɨ ɫɥɨɹ ɂɧɬɟɧɫɢɜɧɨɫɬɶ
ɩɨɥɭɱɟɧɧɨɝɨ ɰɜɟɬɚ ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ
ɩɪɢɥɨɠɟɧɧɨɝɨ ɭɫɢɥɢɹ ɬɤ ɧɚ ɩɥɟɧɤɚɯ ɢɦɟɸɬɫɹ
ɦɢɤɪɨɤɚɩɫɭɥɵ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ ɨɬ ɦɢɤɪɨɧɨɜ ɞɨ
ɞɟɫɹɬɤɨɜ ɦɢɤɪɨɧɨɜ ɪɚɡɪɭɲɚɸɳɢɟɫɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ
ɞɚɜɥɟɧɢɹɯ Ɉɛɳɟɟ ɫɬɪɨɟɧɢɟ ɢ ɩɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ
ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ ɤɨɧɬɚɤɬɭ ɩɥɟɧɨɤ ɩɨɤɚɡɚɧɵ ɧɚ
ɪɢɫ 1.  
ȼɤɚɱɟɫɬɜɟɤɨɧɬɚɤɬɢɪɭɸɳɢɯɬɟɥɢɫɩɨɥɶɡɨɜɚɧɵ
ɧɚɫɬɨɹɳɢɣ ɲɚɪɨɜɨɣ ɩɨɪɲɟɧɶ ɢɡɜɥɟɱɟɧɧɵɣ ɢɡ
ɝɢɞɪɨɨɛɴɟɦɧɨɣ ɩɟɪɟɞɚɱɢ ȽɈɉ-900 
[www.morozovkmdb.com@ ɢ ɛɥɨɤ ɢɡ ɩɥɟɤɫɢɝɥɚɫɚ
ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ɤɨɬɨɪɨɝɨ ɩɨɡɜɨɥɹɸɬ ɩɪɢ
ɧɟɡɧɚɱɢɬɟɥɶɧɵɯ ɩɪɢɠɢɦɚɸɳɢɯ ɭɫɢɥɢɹɯ ɨɬɫɥɟɞɢɬɶ
ɯɚɪɚɤɬɟɪɧɵɟ ɢɡɦɟɧɟɧɢɹ ɪɚɡɦɟɪɨɜ ɤɨɧɬɚɤɬɧɵɯ
ɩɥɨɳɚɞɨɤ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɤɨɧɬɚɤɬɧɵɯ ɞɚɜɥɟɧɢɣ
ɉɪɨɦɟɠɭɬɨɱɧɵɣ ɭɩɪɭɝɢɣ ɫɥɨɣ ɦɨɞɟɥɢɪɨɜɚɥɫɹ ɫ
ɩɨɦɨɳɶɸ ɪɟɡɢɧɵ ɜɟɥɢɱɢɧɚ ɩɨɞɚɬɥɢɜɨɫɬɢ ɤɨɬɨɪɨɣ
ɨɩɪɟɞɟɥɟɧɚɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɪɚɧɟɟ>@. ɉɪɢɷɬɨɦɜɨ
ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɪɹɞɚ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɞɥɹ
ɜɚɪɶɢɪɨɜɚɧɢɹ ɥɨɤɚɥɶɧɨɣ ɩɨɞɚɬɥɢɜɨɫɬɢ ɦɟɠɞɭ
ɤɨɧɬɚɤɬɢɪɭɸɳɢɦɢ ɬɟɥɚɦɢ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɪɚɡɥɢɱɧɨɟ
ɤɨɥɢɱɟɫɬɜɨ ɫɥɨɟɜ ɪɟɡɢɧɵ ɚ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ
ɱɢɫɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ± ɡɧɚɱɟɧɢɹ ɩɨɞɚɬɥɢɜɨɫɬɟɣ
ɫɥɨɟɜ ɫɤɥɚɞɵɜɚɥɢɫɶ 
Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɤɨɧɬɚɤɬɧɵɯ ɞɚɜɥɟɧɢɣ
ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɜɵɛɪɚɬɶ ɬɢɩ ɩɥɟɧɤɢ
ɢɫɯɨɞɹɢɡ ɨɠɢɞɚɟɦɵɯ ɡɧɚɱɟɧɢɣɢɡɦɟɪɹɟɦɵɯ ɜɟɥɢɱɢɧ 
ɫɦ ɬɚɛɥ  Ʉɚɠɞɨɦɭ ɬɢɩɭ ɩɥɟɧɨɤ ɫɬɚɜɹɬɫɹ ɜ































Ultra Super Low  
Pressure(LLLW) 0.2-0.6 
Super Low Pressure (LLW) 0.5-2.5 
Low Pressure (LW) 2.5-10 






Medium Pressure(MS) 10-50 
High Pressure(HS) 50-130 
Super High Pressure (HHS) 130-300 
 






ɜɢɧɬɨɜɨɣ ɩɚɪɵ ɢ ɩɟɪɟɞɚɟɬɫɹ ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɵɣ
ɜɤɥɚɞɵɲ ɢɫɤɥɸɱɚɸɳɢɣ ɩɪɨɤɪɭɱɢɜɚɧɢɟ ɩɨɪɲɧɹ ɚ
ɢɡɦɟɪɹɟɬɫɹ ɡɚ ɫɱɟɬ ɧɚɤɥɟɟɧɧɵɯ ɧɚ ɜɢɧɬ
ɬɟɧɡɨɞɚɬɱɢɤɨɜɩɨɞɫɨɟɞɢɧɟɧɧɵɯɤɬɟɧɡɨɦɟɬɪɢɱɟɫɤɨɦɭ
ɩɪɢɛɨɪɭ ɂɋȾ- ɩɨɤɚɡɚɧɢɹ ɤɨɬɨɪɨɝɨ ɩɪɨɬɚɪɢɪɨɜɚɧɵ
ɫɩɪɢɦɟɧɟɧɢɟɦɞɢɧɚɦɨɦɟɬɪɚ  
Ʉɚɤ ɨɬɦɟɱɟɧɨ ɜɵɲɟ ɪɚɡɧɵɟ ɬɢɩɵ ɤɨɧɬɚɤɬɧɵɯ
ɩɥɟɧɨɤ ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɟ ɞɢɚɩɚɡɨɧɵ ɢɡɦɟɪɹɟɦɵɯ
ɞɚɜɥɟɧɢɣ ɤɨɬɨɪɵɟ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɧɟ
ɩɟɪɟɫɟɤɚɸɬɫɹɉɨɷɬɨɦɭ ɞɥɹ ɡɚɯɜɚɬɚ ɛɨɥɶɲɟɣɨɛɥɚɫɬɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹɤɨɧɬɚɤɬɧɵɯɞɚɜɥɟɧɢɣɢɢɯ ɡɧɚɱɟɧɢɣɚ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɫɧɢɠɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ 
ɩɪɨɜɨɞɢɦɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɪɚɛɨɬɟ ɩɪɢ ɤɚɠɞɨɦ 
ɧɚɝɪɭɠɟɧɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɚɪɵ ɩɥɟɧɨɤ ɬɢɩɚ 06 ɢ 






































ɫɥɨɹ ɩɪɢɦɟɧɟɧɚ ɢ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɚ ɬɟɯɧɨɥɨɝɢɹ
ɤɨɧɬɚɤɬɧɵɯ ɨɬɩɟɱɚɬɤɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ
ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ ɞɚɜɥɟɧɢɸ ɩɥɟɧɨɤ ɮɢɪɦɵ )XMLILOP
ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ ɤɚɱɟɫɬɜɟɧɧɨɟ ɢ
ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɪɟɡɭɥɶɬɚɬɨɜ
ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɝɪɚɧɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ
ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɑɢɫɥɟɧɧɨ
ɭɫɬɚɧɨɜɥɟɧɨ ɢ ɩɨɞɬɜɟɪɠɞɟɧɨ ɜ ɪɹɞɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ
ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɥɨɤɚɥɶɧɨɣ ɩɨɞɚɬɥɢɜɨɫɬɢ
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɥɨɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɬɚɤɬɧɵɯ
ɞɚɜɥɟɧɢɣ ɫɝɥɚɠɢɜɚɸɬɫɹ ɢɯ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ
ɫɧɢɠɚɸɬɫɹ ɚ ɩɹɬɧɨ ɤɨɧɬɚɤɬɚ ɪɚɫɬɟɬ Ⱥɧɚɥɢɡ
ɩɨɤɚɡɵɜɚɟɬ ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶ ɱɢɫɥɟɧɧɨɝɨ
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ
ɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ ɬɟɥ ɫ ɭɱɟɬɨɦ ɩɨɞɚɬɥɢɜɨɫɬɢ ɧɟ
ɩɪɟɜɵɲɚɟɬ 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɨɩɢɫɚɧɧɵɟ ɜ ɪɚɛɨɬɟ
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɬɜɟɪɠɞɚɸɬ 
ɚɞɟɤɜɚɬɧɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɪɚɧɟɟ ɜ ɪɚɛɨɬɚɯ >, 11], 
ɦɟɬɨɞɚ ɪɟɲɟɧɢɹ ɤɨɧɬɚɤɬɧɵɯ ɡɚɞɚɱ, ɪɟɚɥɢɡɭɸɳɟɝɨ
ɜɚɪɢɚɧɬɦɟɬɨɞɚ ɝɪɚɧɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɞɨɫɬɨɜɟɪɧɨɫɬɶ 
ɢɬɨɱɧɨɫɬɶɱɢɫɥɟɧɧɵɯɦɨɞɟɥɟɣɚɬɚɤɠɟɩɨɥɭɱɚɟɦɵɯ ɫ
ɢɯ ɩɨɦɨɳɶɸ ɡɚɜɢɫɢɦɨɫɬɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɣ
ɤɨɧɬɚɤɬɧɵɯɞɚɜɥɟɧɢɣɢɩɥɨɳɚɞɨɤɤɨɧɬɚɤɬɚɩɪɢɭɱɟɬɟ






1 Hertz, H. hEHUGLH%HUKUXQJIHVWHUHODVWLVFKHU.|USHUH. 
Hertz // J. Reine Angew. ± 1881. ± Vol. 92. ± P. 156-171. 
2 Ⱦɠɨɧɫɨɧ, Ʉ Ɇɟɯɚɧɢɤɚ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ / 
Ʉ. Ⱦɠɨɧɫɨɧ// ɆɆɢɪ. ± 1989. ± ɫ. 
3 ɋɬɪɟɧɝ, ɗ Ɍɟɨɪɢɹ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ / 
ɗ ɋɬɪɟɧɝȾɠɎɢɤɫ // ɆɆɢɪ. ± 1977. ± ɫ 
4 ɇɨɪɪɢ, Ⱦ ȼɜɟɞɟɧɢɟ ɜ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ 
Ⱦ ɇɨɪɪɢɀɎɪɢɡ // ɆɆɢɪ. ± 1981. ± ɫ 
5 Vollebregt, E. A. H. 8VH RI ³&217$&7´ LQ PXOWL-body 
vehicle dynamics and profile wear simulation: Initial results 
// E. A. H. Vollebregt, C. Weidemann, A. Kienberger // 
Proceedings of the 22nd International Symposium on 
Dynamics of Vehicles on Roads and Tracks. ± 2011. ± 
doi:10.1177/0954409716631009. 
6 Vollebregt, E. A. H. 5HILQHPHQWRI.DONHU¶VUROOLQJFRQWDFW
model ollebregt. In: Bracciali editor // E. A. H. Vollebregt // 
Proceedings of the 8th international conference on contact 
mechanics and wear of rail/wheel systems. ± 2009. ±  
P. 149-156. 
7 ɉɪɨɤɨɩɢɲɢɧ, ȱ ȱ ɑɢɫɥɨɜɟ ɞɨɫɥɿɞɠɟɧɧɹ ɡɚɞɚɱ ɩɪɨ
ɤɨɧɬɚɤɬ ɬɪɶɨɯ ɩɪɭɠɧɢɯ ɬɿɥ ɦɟɬɨɞɚɦɢ ɞɟɤɨɦɩɨɡɢɰɿʀ
ɨɛɥɚɫɬɿȱ ȱɉɪɨɤɨɩɢɲɢɧȱȱȾɢɹɤɊɆɆɚɪɬɢɧɹɤ 
// Ɏɿɡ-ɯɿɦ ɦɟɯɚɧɿɤɚ ɦɚɬɟɪɿɚɥɿɜ, 2013. ±  ʋ  ±  
ɋ-55. 
8 Ciavarella, M. On the elastic contact of rough surfaces: 
Numerical experiments and comparisons with recent 
theories / M. Ciavarella, C. Murolo, G. Demelio // Wear.  
± 2006. Vol. 261. ± 1102-1113 p. ± doi:10.1016/ 
j.wear.2006.02.001. 
9 Skripchenko, N. Numerical tools for analysis of complex-
shaped bodies in mechanical contact / M. A. Tkachuk, N. 
Skripchenko, A. Grabovskiy, M. M. Tkachuk // Book of 
Proceedings of the 56th Internetional Conference of 
Machine Design Dapartments (ICMD 2015). ± Slovak 
University of Technology Bratislava. ± 2015. ± P. 393-398. 
10 Winkler, E. 'LH/HKUHYRQGHU(ODVWL]LWlWXQG)HVWLJNHLWPLW
besonderHU 5FNVLFK HWF  E. Winkler // Verlag von H. 
Dominicus. ± 1867. ± Vol. 1. ± 388 p. 
11 ɋɤɪɢɩɱɟɧɤɨ, ɇ. Ȼ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ 
ɲɟɪɨɯɨɜɚɬɵɯ ɬɟɥ ɫ ɭɱɟɬɨɦ ɩɨɞɚɬɥɢɜɨɫɬɢ / ɇ. Ȼ. 
ɋɤɪɢɩɱɟɧɤɨ, ɇ. ɇ. Ɍɤɚɱɭɤ, Ⱥ. Ⱥ. Ⱥɬɪɨɲɟɧɤɨ, ɇ. Ⱥ. 
Ɍɤɚɱɭɤ // ȼɿɫɧɢɤ ɇɚɰɿɨɧɚɥɶɧɨɝɨ ɬɟɯɧɿɱɧɨɝɨ 
ɭɧɿɜɟɪɫɢɬɟɬɭ ©ɏɚɪɤɿɜɫɶɤɢɣ ɩɨɥɿɬɟɯɧɿɱɧɢɣ ɿɧɫɬɢɬɭɬª± 
















1 Hertz, H. hEHUGLH%HUKUXQJ IHVWHU HODVWLVFKHU.|USHU. J. 
Reine Angew, 1881, 92, 156-171. 
2 Dzhonson, K. Mehanika kontaktnogo vzaimodeystviya 
[Mechanics of contact interaction]. Moskow: Mir, 1989, 
509 p. 
3 Streng, E., Fiks, Dg. Teoriya metoda konechnyih 
elementov [The theory of finite elements method], Moskow: 
Mir, 1977, 349 p. 
4 Norri, D., Friz, Zh. Vvedenie v metod konechnyih 
elementov [Introduction to finite elements method]. 
Moskow: Mir, 1981, 304 p. 
5 Vollebregt, E. A. H., Weidemann, C., Kienberger, A. Use 
RI³&217$&7´LQPXOWL-body vehicle dynamics and profile 
wear simulation: Initial results. Proceedings of the 22nd 
International Symposium on Dynamics of Vehicles on Roads 
and Tracks, 2011, doi:10.1177/0954409716631009. 
6 Vollebregt, E. A. H. 5HILQHPHQWRI.DONHU¶VUROOLQJFRQWDFW
model ollebregt. In: Bracciali editor. Proceedings of the 8th 
international conference on contact mechanics and wear of 
rail/wheel systems, 2009, 149-156. 
7 Prokopishin, I. I., Diyak, I. I., Martinyak, R. M. Chislove 
doslidzhennya zadach pro kontakt troh pruzhnih til 
metodami dekompozitsii oblasti [Numerical investigation of 
problems on the contact of elastic bodies of three domain 
decomposition]. Fiz.-him. mehanika materialiv [Physical 
Chemical Mechanics of Materials], 2013, 49(1), 46-55. 
8 Ciavarella, M., Murolo, C., Demelio, G. On the elastic 
contact of rough surfaces: Numerical experiments and 
comparisons with recent theories. Wear, 2006, 261, 1102-
1113, doi:10.1016/j.wear.2006.02.001. 
9 Tkachuk, M. A., Skripchenko, N., Grabovskiy, A., 
Tkachuk, M. M. Numerical tools for analysis of complex-
shaped bodies in mechanical contact. Book of Proceedings 
of the 56th Internetional Conference of Machine Design 
Dapartments (ICMD 2015), Slovak University of 
Technology Bratislava, 2015, 393-398. 
10 Winkler, E. 'LH/HKUHYRQGHU(ODVWL]LWlWXQG)HVWLJNHLWPLW
besonderHU5FNVLFK HWFVerlag von H. Dominicus, 1867, 
1, 388 p. 
11 Skripchenko, N. B., Tkachuk, N. N., Atroshenko, A. A., 
Tkachuk, N. A. Eksperimentalnoe issledovanie 
kontaktnogo vzaimodeystviya slozhnoprofilnyih 
sherohovatyih tel s uchetom podatlivosti [Experimental 
study of contact interaction slozhnoprofilnyh rough bodies 
in view of compliance]. Visnik Natsionalnogo tehnichnogo 
XQLYHUVLWHWX ©.KDUNLYVNL\ SROLWHKQLFKQL\ LQVWLWXWª [Bulletin 
of the National Technical University 'Kharkiv Polytechnic 
Institute']. ± Kharkiv: NTU ©KhPIª, 2015, 34, 124-130. 
 
ɋɜɟɞɟɧɢɹ ɨɛ ɚɜɬɨɪɚɯ (About authors) 
 
ɋɤɪɢɩɱɟɧɤɨ ɇɚɬɚɥɶɹ Ȼɨɪɢɫɨɜɧɚ ± ɦɥɚɞɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ ɤɚɮɟɞɪɵ ɬɟɨɪɢɢ ɢ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹɦɟɯɚɧɢɡɦɨɜɢɦɚɲɢɧ ɇɚɰɢɨɧɚɥɶɧɵɣɬɟɯɧɢɱɟɫɤɢɣɭɧɢɜɟɪɫɢɬɟɬ©ɏɚɪɶɤɨɜɫɤɢɣɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣɢɧɫɬɢɬɭɬª; 
ɝ. ɏɚɪɶɤɨɜɍɤɪɚɢɧɚe-mail: negrobova@gmail.com.  
Natalia Skripchenko ± Junior researcher of the Department of theory and computer-aided design of mechanisms and machines, 
1DWLRQDOWHFKQLFDOXQLYHUVLW\³.KDUNLYSRO\WHFKQLFLQVWLWXWH´.KDUNLYUkraine; e-mail: negrobova@gmail.com. 
Ɍɤɚɱɭɤ ɇɢɤɨɥɚɣ ɇɢɤɨɥɚɟɜɢɱ ± ɤɬɧ ɇɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ©ɏɚɪɶɤɨɜɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ
ɢɧɫɬɢɬɭɬª ɞɨɤɬɨɪɚɧɬ ɤɚɮɟɞɪɵ ɬɟɨɪɢɢ ɢ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɢ ɦɚɲɢɧ ɝ ɏɚɪɶɤɨɜ
ɍɤɪɚɢɧɚe-mail: mikolei@rambler.ru. 
Mykola Tkachuk ± Candidate of Technical Sciences (Ph. D.), doctorante of the Department of theory and computer-aided 
design of mechanisms and machines, National Technical University "Kharkiv Polytechnic Institute", Kharkiv, Ukraine; e-mail: 
mikolei@rambler.ru. 
Ⱥɬɪɨɲɟɧɤɨ Ⱥɥɟɤɫɚɧɞɪ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ ± ɦɥɚɞɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ ɤɚɮɟɞɪɵ ɬɟɨɪɢɢ ɢ ɫɢɫɬɟɦ
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɢ ɦɚɲɢɧ ɇɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ©ɏɚɪɶɤɨɜɫɤɢɣ
ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣɢɧɫɬɢɬɭɬªɝ ɏɚɪɶɤɨɜɍɤɪɚɢɧɚe-mail: atroshenko@tmm-sapr.org. 
Oleksandr Atroshenko ± Junior researcher of the Department of theory and computer-aided design of mechanisms and 
machines1DWLRQDOWHFKQLFDOXQLYHUVLW\³.KDUNLYSRO\WHFKQLFLQVWLWXWH´.KDUNLYUkraine; e-mail: atroshenko@tmm-sapr.org. 
 
ɉɨɠɚɥɭɣɫɬɚɫɫɵɥɚɣɬɟɫɶɧɚɷɬɭɫɬɚɬɶɸɫɥɟɞɭɸɳɢɦɨɛɪɚɡɨɦ: 
ɋɤɪɢɩɱɟɧɤɨ, ɇ Ȼ Ɋɚɫɱɟɧɬɨ-ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɨɧɬɚɤɬɚ ɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ ɬɟɥ / 
ɇ Ȼ ɋɤɪɢɩɱɟɧɤɨ ɇ ɇ Ɍɤɚɱɭɤ Ⱥ Ⱥ Ⱥɬɪɨɲɟɧɤɨ // ȼɟɫɬɧɢɤ ɇɌɍ ©ɏɉɂª, ɋɟɪɢɹ ɇɨɜɵɟ ɪɟɲɟɧɢɹ ɜ ɫɨɜɪɟɦɟɧɧɵɯ
ɬɟɯɧɨɥɨɝɢɹɯ. ± ɏɚɪɶɤɨɜɇɌɍ©ɏɉɂª± 2016. ± ʋ12 (1184). ± ɋ84-88.  ± doi:10.20998/2413-4295.2016.12.11.  
 
Please cite this article as: 
Skripchenko, N., Tkachuk, N., Atroshenko, O. Numerical and experimental study of contact for bodies of complex shape. 




ɋɤɪɿɩɱɟɧɤɨ, ɇ Ȼ Ɋɨɡɪɚɯɭɧɤɨɜɨ-ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɤɨɧɬɚɤɬɭ ɫɤɥɚɞɧɨɩɪɨɮɿɥɶɧɢɯ ɬɿɥ /  
ɇ. Ȼ ɋɤɪɿɩɱɟɧɤɨɆ Ɇ ɌɤɚɱɭɤɈ Ɉ Ⱥɬɪɨɲɟɧɤɨ // ȼɿɫɧɢɤɇɌɍ©ɏɉȱªɋɟɪɿɹɇɨɜɿɪɿɲɟɧɧɹɜɫɭɱɚɫɧɢɯɬɟɯɧɨɥɨɝɿɹɯ. ± 
ɏɚɪɤɿɜɇɌɍ©ɏɉȱª± 2016. ± ʋ12 (1184). ± ɋ. 84-88. ± doi:10.20998/2413-4295.2016.12.11.  
ȺɇɈɌȺɐȱə ɍ ɪɨɛɨɬɿ ɩɪɨɜɟɞɟɧɨ ɬɚ ɨɩɢɫɚɧɨ ɪɹɞ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɞɥɹ ɨɛʉɪɭɧɬɭɜɚɧɧɹ ɡɚɫɬɨɫɨɜɧɨɫɬɿ
ɪɨɡɪɨɛɥɟɧɨɝɨ ɜɚɪɿɚɧɬɚ ɦɟɬɨɞɭ ɝɪɚɧɢɱɧɢɯ ɿɧɬɟɝɪɚɥɶɧɢɯ ɪɿɜɧɹɧɶ ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɱɭɬɥɢɜɢɯ ɞɨ ɬɢɫɤɭ ɩɥɿɜɨɤ ɉɨɪɿɜɧɹɧɧɹ
ɪɨɡɩɨɞɿɥɭɤɨɧɬɚɤɬɧɨɝɨɬɢɫɤɭɹɤɢɣɨɬɪɢɦɚɧɨɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɬɚɩɪɢɱɢɫɥɨɜɨɦɭɪɨɡɜ¶ɹɡɚɧɧɿɡɚɞɚɱɿɦɟɬɨɞɨɦɝɪɚɧɢɱɧɢɯ
ɟɥɟɦɟɧɬɿɜ ɩɿɞɬɜɟɪɞɢɥɨ ɩɨɜɧɭ ɹɤɿɫɧɭ ɬɚ ɡɚɞɨɜɿɥɶɧɭ ɤɿɥɶɤɿɫɧɭ ɜɿɞɩɨɜɿɞɧɿɫɬɶ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ
ɞɨɫɥɿɞɠɟɧɶɉɨɯɢɛɤɚɭɜɢɡɧɚɱɟɧɧɿɩɥɨɳɚɞɨɤ ɤɨɧɬɚɤɬɭɬɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɤɨɧɬɚɤɬɧɨɝɨ ɬɢɫɤɭ ɧɟɩɟɪɟɜɢɳɢɥɚ 




ɉɨɫɬɭɩɢɥɚ (received) 08.03.2016 
ISSN 2079-5459 (print)
ISSN 2413-4295 (online)
88 
_______________________________________________________
_______________________________________________________
	

		


